Based on performance on standard achievement tests, first-grade children (mean age ϭ 82 months) with IQ scores in the low-average to high-average range were classified as at risk for a learning disability (LD) in mathematics, reading, or both. These at-risk children (n ϭ 55) and a control group of academically normal peers (n ϭ 35) were administered experimental tasks that assessed number comprehension and production skills, counting knowledge, arithmetic skills, working memory, and ease of retrieving information from long-term memory. Different patterns of intact cognitive functions and deficits were found for children in the different at-risk groups. As a set, performance on the experimental tasks accounted for roughly 50% and 10% of the group differences in mathematics and reading achievement, respectively, above and beyond the influence of IQ. Performance on the experimental tasks thus provides insights into the cognitive deficits underlying different forms of LD, as well as into the sources of individual differences in academic achievement.
1998; Wagner, Torgesen, & Rashotte, 1994) . The research that has been conducted suggests that between 6 and 7% of school-age children suffer from a cognitive or neuropsychological deficit that interferes with their ability to acquire grade-level mathematical competencies, despite an average or higher IQ and adequate instruction (Badian, 1983; Gross-Tsur, Manor, & Shalev, 1996; Kosc, 1974) . These studies indicate that the number of children affected by MD is comparable to the number of children affected by RD. In fact, MD and RD are comorbid in many children (Ackerman & Dykman, 1995) .
One impediment to the systematic study of poor mathematical achievement and MD is the large number and the complexity of mathematical domains (Geary, 1994) . In theory, MD can result from deficits in the ability to represent or process information in one or all of these domains or in one or a set of individual competencies within each domain (Russell & Ginsburg, 1984) . One framework that can be used to systematically approach the study of MD is to apply the models and methods used to study mathematical development in academically normal children to the study of children with poor achievement in mathematics (e.g., . Unfortunately, in most mathematical domains, such as geometry and algebra, not enough is known about the normal development of the associated competencies to provide a systematic framework for the study of MD.
Theoretical models and experimental methods are, however, sufficiently well developed in the areas of number, counting, and simple arithmetic to provide such a framework (Briars & Siegler, 1984; Gelman & Meck, 1983; McCloskey, Aliminosa, & Macaruso, 1991; Siegler, 1996; Siegler & Shrager, 1984) . Indeed, models of normal arithmetical development have been successfully used to guide the study of MD children, and have revealed at least two sources of MD. These include disrupted memory-retrieval processesdifficulties retrieving basic arithmetic facts from long-term memory-and the error-prone use of developmentally immature problem-solving procedures (Ackerman & Dykman, 1995; Barrouillet, Fayol, & Lathulière, 1997; Bull & Johnston, 1997; Bull, Johnston, & Roy, 1999; Garnett, & Fleischner, 1983; Geary, Brown, & Samaranayake, 1991; Geary, Widaman, Little, & Cormier, 1987; Jordan, Levine, & Huttenlocher, 1995; Jordan & Montani, 1997; Ostad, 1997; Räsänen & Ahonen, 1995; Rourke, 1993; Russell, & Ginsburg, 1984; Svenson & Broquist, 1975) .
The present study again used models of normal arithmetical development to study children at risk for MD and extended the domains of study to number and counting, as well as to the cognitive competencies that appear to support arithmetical development, that is, working memory and the ease with which information can be retrieved from long-term memory. The associated theoretical models and experimental measures are described in the respective sections below, followed by an overview of the present study.
NUMERICAL AND ARITHMETICAL COGNITION

Number Production and Comprehension
Number production and comprehension require the ability to process verbal and Arabic representations of numbers (e.g., "three hundred forty two," "342"), as well as an understanding of the meaning of the processed numbers (e.g., that the 3 in 342 represents 3 sets of 100) and the ability to transcode, or translate, numbers from one representation to another (e.g., "three hundred forty two" to "342"; Bernoussi & Khomsi, 1997; Dehaene, 1992; McCloskey, Caramazza, & Basili, 1985; Seron & Fayol, 1994) . The assessment of these skills is often based on the individual's ability to transcode numbers from verbal to Arabic form and from Arabic to verbal form and to make judgments about the meaning of individual numbers or sets of numbers (e.g., Seron & Fayol, 1994) . The latter can be assessed by asking the individual which of two presented numbers, such as 7 and 9, is larger or smaller. To correctly judge that 9 is larger than 7, the individual must be able to translate these Arabic notations to a semantic representation of the associated magnitudes and then compare these magnitudes (Dehaene, 1992; Gallistel & Gelman, 1992) . With this and other tasks, systematic errors are used to make inferences about the individual's ability to comprehend and produce numbers.
The few studies that have been conducted suggest that the number production and comprehension systems are intact in MD children, at least for the processing of simple numbers (Badian, 1983; Geary, 1993; Gross-Tsur et al., 1996) . Nonetheless, a thorough assessment of children at risk for MD requires an assessment of number production and comprehension skills.
Counting Knowledge
Children's counting knowledge appears to emerge from a combination of inherent and experiential factors (Briars & Siegler, 1984; Gelman & Gallistel, 1978) . Early inherent constraints can be represented by Gelman and Gallistel's five implicit principles: one-one correspondence (one and only one word tag, such as "one" or "two," is assigned to each counted object), the stable order principle (the order of the word tags must be invariant across counted sets), the cardinality principle (the value of the final word tag represents the quantity of items in the counted set), the abstraction principle (objects of any kind can be collected together and counted), and the order-irrelevance principle (items within a given set can be tagged in any sequence). The principles of one-one correspondence, stable order, and cardinality define the "how to count" rules, which, in turn, provide constraints on the nature of preschool children's counting behavior and provide the skeletal structure for children's emerging knowledge of counting.
Children also appear to make inductions about the basic characteristics of counting, by observing standard counting behavior (Briars & Siegler, 1984; Fuson, 1988) . This induced knowledge reflects both essential features of count-ing, such as those identified by Gelman and Gallistel (1978) , and unessential features of counting (Briars & Siegler, 1984) . These unessential features include start at an end (counting starts at one of the end points of an array of objects), adjacency (a consecutive count of contiguous objects), pointing (counted objects are typically pointed at only once), and standard direction (counting proceeds from left to right). By 5 years of age, many children know the essential features of counting but also believe that adjacency and start at an end are essential features of counting. The latter beliefs indicate that young children's counting knowledge is immature and influenced by the observation of counting procedures.
Geary and his colleagues demonstrated that first-grade MD/RD children understand most of the essential features of counting, such as stable order and cardinality, but consistently err on tasks that assess adjacency and order-irrelevance (Geary, Bow-Thomas, & Yao, 1992) . These results suggest that MD/RD children do not understand the order-irrelevance principle, or, from Briars and Siegler's (1984) perspective, they believe that adjacency is an essential feature of counting. The overall pattern suggests that MD children, as a group, understand counting as a rote, mechanical activity. Many of these children also fail to detect counting errors when the first, but not the last, item is counted twice. Detection of an error when the last item is double counted suggests that MD/RD children understand the one-one correspondence principle. At the same time, the failure to note that the double counting of the first item is an error suggests that many of these children cannot retain an "error notation" in working memory while monitoring the counting process.
Arithmetic
Improvements in arithmetical competencies are reflected in changes in the distribution of procedures, or strategies, used in problem solving, and in advances in the conceptual understanding of arithmetic and related domains, such as counting (Ashcraft, 1982; Ashcraft & Fierman, 1982; Geary, 1994; Groen & Parkman, 1972; Siegler, 1996; Siegler & Shrager, 1984) . When first learning to solve simple arithmetic problems, such as 5 ϩ 3, children typically count the addends. These counting procedures are sometimes executed with the aid of fingers (the finger counting strategy) and sometimes without them (the verbal counting strategy; Siegler & Shrager, 1984) . The two most commonly used counting procedures, whether children use their fingers or not, are termed min, or counting-on, and sum, or counting-all (Fuson, 1982; Groen & Parkman, 1972) . The min procedure involves starting at the larger valued addend and then counting a number of times equal to the value of the smaller (min) addend, such as counting 5, 6, 7, 8 to solve 5 ϩ 3. The sum procedure involves counting both addends starting from 1. Occasionally, children will state the value of the smaller addend and then count the larger addend, which is termed the max procedure. The development of procedural competencies is reflected in a gradual shift from heavy reliance on the sum and max procedures to frequent use of min counting.
It appears that the frequent use of counting procedures eventually leads to the formation of long-term memory associations between problems and answers generated by means of counting, which, in turn, result in the use of memory-based processes in problem solving (Siegler & Shrager, 1984) . These processes include direct retrieval of arithmetic facts, decomposition, and fingers. With direct retrieval, children state an answer that is associated in long-term memory with the presented problem, such as stating /eyt/ (i.e., eight) when asked to solve 5 ϩ 3. Decomposition involves reconstructing the answer based on the retrieval of a partial sum. For instance, the problem 6 ϩ 7 might be solved by retrieving the answer to 6 ϩ 6 (i.e., 12) and then adding 1 to this partial sum. With the fingers strategy, children uplift a number of fingers corresponding to the addends and then state an answer without counting their fingers. The uplifted fingers appear to prompt retrieval. The use of retrieval-based processes is moderated, however, by a confidence criterion, which represents an internal standard against which the child gauges confidence in the correctness of the retrieved answer. Children with a rigorous confidence criterion state only answers that they are certain are correct, whereas children with a lenient criterion state any retrieved answer, correct or not (Siegler, 1988) .
Studies conducted in the United States, Europe, and Israel have revealed consistent differences in the procedural and memory-based processes used by academically normal children and by MD children to solve simple arithmetic problems (e.g., Barrouillet et al., 1997; Geary, 1990; Gross-Tsur et al., 1996; Ostad, 1997; Svenson & Broquist, 1975) . As noted earlier, MD children commit more procedural errors and use developmentally immature procedures (e.g., sum rather than min counting) more frequently than their academically normal peers do. Moreover, many MD children do not show a shift from procedural-based problem solving to memory-based problem solving (Geary et al., 1987; Ostad, 1997) , suggesting difficulties in storing or accessing arithmetic facts in or from long-term memory.
In fact, disrupted memory-based processes are consistently found with comparisons of MD children and academically normal children (Barrouillet et al., 1997; Garnett & Fleischner, 1983; . When they retrieve arithmetic facts from long-term memory, MD children commit many more errors and often show error and reaction time (RT) patterns that differ from those found with younger, academically normal children. These patterns are also similar to those found with children who have suffered from an early (before age 8 years) lesion to the left hemisphere or associated subcortical regions (Ashcraft, Yamashita, & Aram, 1992) . While this pattern does not necessarily indicate that MD children have suffered from overt brain injury, it does suggest that the memory-based deficits of many MD children do not simply reflect a lenient confidence criterion or a lack of exposure to arithmetic (Geary, 1993; Rourke, 1993) .
SUPPORTING COGNITIVE COMPETENCIES
The just-described differences in the basic competencies of MD children and academically normal children might be related to differences in the cognitive systems that support these competencies (Geary, 1993) . Two candidate systems are working memory and skill at accessing information from long-term memory, as described below.
Working Memory
Working memory resources have been shown to support a variety of numerical and arithmetical processes, ranging from the use of counting procedures to solve simple addition problems to the solving of arithmetical word problems (Adams & Hitch, 1997; Geary, 1990; Geary & Widaman, 1992; Hitch, 1978; Logie, Gilhooly, & Wynn, 1994) . The phonological loop and the central executive components of working memory (Baddeley & Hitch, 1974) appear to be of particular importance for counting and arithmetical tasks (Bull et al., 1999; Logie & Baddeley, 1987) . The phonological loop directly supports counting processes and the central executive appears to be involved in the coordination of the multiple activities involved in counting and the solving of arithmetic problems (Bull et al., 1999) . Working memory has also been implicated as a central deficit in MD (Geary, 1993; Hitch & McAuley, 1991; Siegel & Ryan, 1989; Swanson, 1993 ). It appears that MD children have difficulties retaining information in working memory while engaged in other processes, such as counting, and might be slower than other children at executing the articulatory processes that support working memory (Hitch & McAuley, 1991) .
Long-Term Memory Retrieval
If the retrieval of arithmetic facts is dependent on the formation of problem/ answer associations that form during the act of counting, then the phonetic and semantic memory systems that support word articulation (as in counting) should also support the representation of arithmetic facts in long-term memory (Geary, 1993) . If so, then the retrieval of arithmetic facts from long-term memory should, and apparently does, share many features associated with the retrieval of words from long-term memory (see Ashcraft & Battaglia, 1978) . Geary (1993) argued further that difficulties in representing or accessing information in or from the phonetic and semantic memory systems might contribute to MD children's deficits in arithmetic fact retrieval (see Barrouillet et al., 1997 , for an alternative explanation). Moreover, given the similarities between arithmetic fact and word retrieval, it was hypothesized that disruptions in the phonetic and semantic memory systems contribute to the comorbidity of MD and RD. If so, then in comparison to academically normal children, children with comorbid MD and RD should perform poorly on tasks that require the accessing of verbal information from long-term memory (Denckla & Rudel, 1976; Fawcett & Nicolson, 1994; Gathercole & Adams, 1994) .
One approach that can be used to assess long-term memory access is to compare children on tasks that involve articulating familiar words (e.g., numbers) and unfamiliar nonwords. By definition, familiar words are represented in longterm memory, which appears to facilitate their encoding into working memory (e.g., when they are presented by dictation) and might facilitate the speed with which these words can be articulated (Dark & Benbow, 1991; Wagner & Torgesen, 1987) . Nonwords, in contrast, are not represented in long-term memory and thus there are no direct long-term memory advantages for encoding or articulating these words (see Gathercole & Adams, 1994 , for further discussion). Thus, differences in the speed of articulating familiar words and unfamiliar nonwords might provide a useful means of assessing the ease with which information can be retrieved from long-term memory.
Stated somewhat differently, familiarity increases speed of articulation through access to the associated representations in long-term memory, but this facilitation should not be found to the same degree for articulating unfamiliar nonwords (except when nonwords phonetically overlap familiar words; Gathercole & Adams, 1994) . If access to information stored in long-term memory contributes to arithmetic-fact-retrieval deficits and to the comorbidity of MD and RD, then speed of articulating familiar words should be slower in MD/RD and RD children relative to IQ-matched academically normal children, but no group differences should be found for speed of articulating unfamiliar nonwords.
THE PRESENT STUDY
The present study provided an examination of the cognitive correlates of low mathematics achievement using the conceptual models and experimental methods described above. The study is complicated, however, because it is difficult to discriminate MD children from children who score poorly on mathematics achievement tests but do not have an underlying cognitive deficit (e.g., a fact-retrieval deficit; Geary, 1990; . In other words, MD children will be among the pool of low-achieving children but many lowachieving children are not learning disabled. For instance, Geary (1990; found that first-or second-grade children with low mathematics test scores in one grade but average or better scores in the next showed no cognitive deficits (e.g., difficulties in fact retrieval), in comparison to children who showed low test scores across grades. This finding indicates that low achievement scores in one grade are not necessarily indicative of persistent low achievement or MD. At this point, the only way to discriminate the two groups is to follow lowachieving children longitudinally.
The present study describes the 1st-year assessment of such a longitudinal study. For the current analyses, MD was operationalized as low mathematics achievement test scores combined with a low-average or better IQ. It is expected that a subgroup of these children will show persistent-year-to-year-difficulties in learning basic mathematics, while other children in this group will show average mathematics achievement scores in later grades. Given this, the MD children described in this study are probably better described as children at risk for MD rather than as MD children per se, but for ease of presentation the MD label will be used hereafter.
METHOD
Participants
The participants were selected from a larger group of 114 (50 boys, 64 girls; mean age ϭ 82 months) first graders from five public elementary schools in Columbia, Missouri. The schools were largely in working-class neighborhoods, but educated children from a variety of socioeconomic backgrounds. The initial selection of subjects was based on teacher referral to the Chapter 1 Remedial Education Program and an equal number of children who were not participating in this program. Children participating in the Chapter 1 program received individual phonetics-based instruction in reading several times a week but no instruction in mathematics. Information is not available on the instructional approaches used in the regular classrooms.
The overall sample included two cohorts of children, but there were very few cohort effects and thus all analyses were based on the combined sample. However, children with IQ scores lower than 80 or greater than 120 (n ϭ 23) were excluded from all further analyses, as were data on one additional child who moved out of district before IQ testing was completed. This exclusionary criterion was used so that the LD groups and the control group included only children in the low-normal to high-normal IQ range, following previous studies (Ackerman & Dykman, 1995; Gross-Tsur et al., 1996) . The remaining 90 children were classified based on their pattern of achievement scores in mathematics and reading, as described below. Of these children, 32 were Black, 52 were White, and 6 were in other ethnic categories (e.g., Asian); there were few ethnic differences on the experimental measures, once IQ was covaried. Fortyfour children participated in the Chapter 1 program, and 34 of these children were classified into one of the three LD groups described below. Twenty-five of the 46 children not receiving Chapter 1 services were classified as academically normal, based on achievement test scores, and the remaining children were classified into one of the three LD groups.
Classification scheme. All children were administered the Vocabulary and Block Design subtests of the Wechsler Intelligence Scale for Children-III (Wechsler, 1991) or their counterparts from the Stanford-Binet Intelligence Scale (Thorndike, Hagen, & Sattler, 1986) . The first cohort was administered the WISC-III, but psychologists in the local school district requested that we not use this test because it is used in their special education assessments. Thus, the second cohort was administered the Stanford-Binet, based on the high correlation between performance on this IQ test and on the WISC-III (Sattler, 1992 ). An IQ score was estimated based on performance on these two subtests, as prescribed by Sattler.
The children were also administered the Mathematics Reasoning subtest of the Wechsler Individual Achievement Test (Wechsler, 1992) and the Word Attack and the Letter-Word Identification subtests of the Woodcock-Johnson PsychoEducational Battery-Revised (Woodcock & Johnson, 1989 , 1990 . The Mathematics Reasoning subtest assesses basic arithmetic skills such as counting and subtraction, as well as some more advanced skills such as graph reading and time telling. The Letter-Word Identification subtest assesses the ability to understand that written symbols or groups of symbols (e.g., icons, letters) represent objects, letters, or words, while the Word Attack subtest assesses the ability to apply the rules involved in the pronunciation of written words (e.g., sounding out nonwords).
Children with Mathematics Reasoning scores below the 30th percentile were classified as MD and children with Word Attack scores below the 30th percentile were classified as RD; Word Attack rather than Letter-Word Identification was used because the former provides a better assessment of the basic phonological decoding skills that are often impaired in RD children of this age (e.g., Shankweiler et al., 1995) . On the basis of these criteria, four groups were identified. As shown in Table 1 , the first group consisted of 25 children (13 boys, 12 girls; mean age ϭ 83 months) who had mean achievement scores below the 20th percentile for both mathematics and basic reading skills and were thus classified as the MD and RD (MD/RD) group. The second group consisted of 15 children (8 boys, 7 girls; mean age ϭ 83 months) with a mean mathematics achievement score below the 20th percentile but a mean reading achievement score at the 52nd percentile. These children were classified as MD only (MD). The RD only (RD) group consisted of 15 children (5 boys, 10 girls; mean age ϭ 81 months) with a mean reading achievement score at the 13th percentile and a mean mathematics achievement score at the 56th percentile. The final group consisted of 35 academically normal children (13 boys, 22 girls; mean age ϭ 81 months) with mean achievement scores at or above the 59th percentile in both mathematics and reading. Mean age did not differ across groups, F(3, 86) ϭ 1.54, p Ͼ .20, nor did the number of boys and girls in each group, 2 (3) ϭ 2.53, p Ͼ .25. A one-way analysis of variance (ANOVA) revealed significant group differences in estimated IQ scores, F(3, 86) ϭ 10.88, p Ͻ .0001. Follow-up comparisons using the honestly significant difference (HSD) procedure indicated that the mean IQ score of the MD/RD group was significantly lower than that of the RD and normal groups ( p Ͻ .05). On the basis of this effect, IQ was used as a covariate in all analyses, although the pattern of results was the same whether or not IQ was covaried. In keeping with the classification criteria, significant group differences were found for performance on the mathematics, F(3, 85) ϭ 33.65, p Ͻ .0001, and reading, F(3, 85) ϭ 57.09, p Ͻ .0001, achievement tests. On the mathematics test, the mean scores of the MD/RD and MD groups did not differ ( p Ͼ .05; HSD) but were significantly lower than the mean scores of the RD and normal groups ( ps Ͻ .05); the mean scores of the two latter groups did not differ ( p Ͼ .05). On the reading test, the mean scores of the MD/RD and RD groups did not differ ( p Ͼ .05) but were significantly lower than the mean scores of the MD and normal groups ( ps Ͻ .05); the mean scores of the two latter groups did not differ ( p Ͼ .05).
Experimental Tasks
Number production and comprehension. The items were developed based on an adaptation of the Johns Hopkins Dyscalculia Battery for children (McCloskey et al., 1991; Shalev, Manor, & Gross-Tsur, 1993) and assess the ability to name and reproduce visually and auditorily presented numbers and to compare the magnitude of visually and auditorily presented numbers.
In the first number recognition/production task, the experimenter showed the child a series of four integers (3, 8, 5, 12) arranged vertically in a large font on an otherwise blank sheet of paper. The child was then asked to name each number shown and write the number next to the printed copy. Next, the child was dictated a series of four integers (2, 5, 7, 13), one at a time, and asked to write the number on the same paper used in the visual presentation task. In the first magnitude comparison task, the child was shown a series of four pairs of single-digit integers (1-9, 3-2, 5-7, 9 -8) arranged vertically in a large font on an otherwise blank sheet of paper. The child was asked to decide, one pair at a time, "Which is bigger, which is more?" The task was then repeated with a new set of four pairs of single-digit integers (6 -3, 2-5, 5-6, 8 -1) that were presented by dictation. Both sets of magnitude comparison pairs were constructed so as to include numbers that represented relatively small (e.g., 2) and large (e.g., 9) magnitudes and relatively small (e.g., 5-7) and large (e.g., 1-9) distances between the two magnitudes.
These measures provided four items for each of five basic number-processing competencies: number naming (Arabic-to-verbal transcoding), number writing with visual presentation, number writing with auditory presentation (verbal-toArabic transcoding), magnitude comparison with visual presentation, and magnitude comparison with auditory presentation. Reliabilities could not be calculated for the number naming and writing tasks because of ceiling or near-ceiling performance on most of the items. For the magnitude comparison items, Cronbach's alpha was used as an estimate of task reliability. The respective estimates were .49 and .98 for the visual and auditory presentation measures.
Counting knowledge. The child was first introduced to a puppet who was just learning how to count and therefore needed assistance to know if his counting was "OK and right, or not OK and wrong." During each of the 13 trials, a row of five, seven, or nine poker chips of alternating color (e.g., red, blue, red, blue, red) was aligned behind a screen. The screen was then removed, and the puppet counted the chips. The child was then queried on the correctness of the counting.
The experimenter recorded whether the child stated the puppet's count was "OK, or not OK and wrong."
Following previous studies, four types of counting trials were administered (Briars & Siegler, 1984; Gelman & Meck, 1983) : correct, right-left, pseudo, and error. For correct trials, the chips were counted sequentially and correctly, from the child's left to the child's right. Right-left involved counting the chips sequentially and correctly, but from the child's right to the child's left. For pseudo trials, the chips were counted correctly from left to right, but first one color was counted, and then, returning to the left-hand side of the row, the count continued with the other color. For error trials, the chips were counted sequentially from left to right, but the first chip was counted twice. Each counting trial type occurred once for each array size (i.e., five, seven, nine), with one additional pseudo trial (for seven chips), so that two trials started with a red chip and two with a blue chip. Reliability estimates could not be calculated for correct counting items because of near-ceiling performance. The reliability estimates, again using Cronbach's alpha, were .87, .96, and .95 for the right-left, pseudo error, and error counting measures, respectively.
Addition strategy assessment. Simple addition problems were presented at the center of the 13-in. monochrome monitor of an IBM PS/2 Model 30 microcomputer. For each problem, a READY prompt appeared at the center of the screen for 1000 ms, followed by a 1000-ms period during which the screen was blank. Then, an addition problem appeared on the screen and remained until the subject responded. Answers were spoken into a microphone that activated a voiceoperated relay that was interfaced with the microcomputer. RTs were recorded using a Cognitive Testing Station hard card timing mechanism with Ϯ1.0-ms accuracy. The experimenter initiated each problem presentation sequence via a control key.
The stimuli were 14 single-digit addition problems presented horizontally (e.g., 4 ϩ 5 ϭ ). The problems consisted of the integers 2 through 9, with the constraint that the same two integers (e.g., 2 ϩ 2, 4 ϩ 4) were never used in the same problem, as these appear to be solved differently than other problems (Groen & Parkman, 1972) . Across stimuli, each digit was presented two to four times, and half of the problems summed to 10 or less, inclusive. For half of the problems, the larger valued integer was presented in the first position, and for the remaining problems the smaller valued integer was presented in the first position. The order of problem presentation was determined randomly, with the constraint that no integer was presented in the same position across consecutive trials.
Following the presentation of three practice problems, the 14 experimental problems were presented one at a time. The child was asked to solve each problem as quickly as possible without making too many mistakes. It was emphasized that the child could use whatever strategy was easiest for the child to get the answers, and the child was instructed that as soon as he or she had the answer, the child was to speak it into the microphone. Based on the child's answer and the experimenter's observations, the trial was classified into one of five strategies, that is, counting fingers, fingers, verbal counting, retrieval, or decomposition (Siegler & Shrager, 1984) . Counting trials were further classified based on where counting began, that is, min, sum, or max.
During problem solving, the experimenter watched for physical indications of counting, such as regular movements (e.g., fingers, mouth). For these trials, the experimenter initially classified the strategy as finger counting or verbal counting, depending on whether or not the child used his or her fingers to count. If the child raised a number of fingers to represent the addends and then stated an answer without counting them, then the trial was initially classified as fingers. If the child spoke the answer quickly, without hesitation, and without obvious counting-related movements, then the trial was initially classified as retrieval.
After the child had spoken the answer, the experimenter queried the child on how he or she got the answer. If the child's response (e.g., "just knew it") differed from the experimenter's observations (e.g., saw the child mouthing counting), then a notation indicating disagreement between the child and the experimenter was made. If counting was overt, then the experimenter classified it as a counting strategy. If the trial was ambiguous, then the child's response was recorded as the strategy. Previous studies indicate that this method provides a useful measure of children's trial-by-trial strategy choices (e.g., Siegler, 1987) . In this study, agreement between the child's description and the experimenter's observation was found for more than 96% of trials.
Digit span. The forward and backward sections of the Digit Span subtest of the WISC-III (Wechsler, 1991) were administered according to standardized instructions. For both measures, the score is the value of the longest digit string level correctly repeated. Performance on the backward measure is of particular theoretical interest, given that this task requires the retention and manipulation of numbers in working memory, skills that appear to be deficient in many MD children (Hitch & McAuley, 1991) .
Articulation speed. The stimuli for this task were triads of one-digit number names (2, 9, 5), common one-syllable words (school, tree, cake), and onesyllable nonwords (lote, dake, pog). Nonwords and words were a subset of those used by Bow-Thomas (1994) in a study of MD children, which, in turn, were based on Cowan's (1986) and Edwards's (1978) list of monosyllabic English words and nonwords. Each word triad was presented by dictation. The child was encouraged to repeat the triad until he or she could remember all three words. Next, the child was asked to say the triad as quickly as possible, two times in a row. A stopwatch was used to measure articulation speed. This procedure was performed three times for each word, number, and nonword trial, yielding three articulation speed estimates per triad. Reliability estimates, using Cronbach's alpha, were .81, .70, and .79, for number, word, and nonword articulation speeds, respectively.
Experimental Procedures
The children were tested once in the fall and once in the spring. Fall testing included the just described experimental tasks, while the spring testing included the IQ and achievement tests. For fall testing, the experimental tasks were administered in a randomly determined order for each child. For spring testing, the tests were administered in the following order: Letter-Word Identification, Word Attack, and Mathematics Reasoning, followed by the Vocabulary and Block Design subtests of the WISC-III or Stanford-Binet. For both testing periods, the children were assessed individually in a quiet room at their school. Testing time was about 40 min and 30 min for the fall and spring assessments, respectively. Mean time between testing periods was 125 days (SD ϭ 32), and time elapsed did not differ significantly across groups, F(3, 84) ϭ 1.20, p Ͼ .25.
RESULTS
The results are presented in six sections. The first presents results for the number production and comprehension tasks, while the second and third present results for the counting and strategy assessment tasks, respectively. Results for the digit span measure are presented in the fourth section, results for the articulation tasks in the fifth, and analyses of the relations between performance on the various experimental measures and performance on the achievement tests in the final section.
Number Production and Comprehension
For the number naming and number writing tasks, performance was at or near ceiling for the MD (97 to 100% correct), RD (93 to 100% correct), and normal (96 to 100% correct) groups, and thus parametric statistics were not used. As a group, the MD/RD children were correct on 99% of the number writing with visual presentation trials and on 86% of the number naming and number writing with auditory presentation trials. For the two latter tasks, examination of indi-vidual trials indicated that 12 of the 25 MD/RD children could not name the number 12 and 9 of these children could not write the number 13 when this number was presented auditorily.
For the magnitude comparison tasks, ceiling or near-ceiling performance was evident for the RD (95 to 98% correct) and normal (100% correct) groups, and thus parametric statistics were not used. As a group, the MD children correctly identified the larger number for 87 and 97% of the visual and auditory presentation trials, respectively. The respective percentage of correct identifications was 78 and 88% for the MD/RD group. For the visual presentation task, examination of individual items revealed that 8 of the 25 MD/RD children missed both small-distance items (i.e., 2-3, 8 -9), but there was no systematic pattern of errors for the MD children. Similarly, for the auditory presentation task, there was no systematic pattern of errors for the MD/RD children.
Counting Knowledge
The mean percentages of correct identifications across the four types of counting trials are shown in Table 2 . A preliminary analysis indicated that the main effect of array size (5, 7, 9) was not significant, nor were any of the interactions involving size ( ps Ͼ .25). An overall counting type score was thus calculated by summing performance across array size. A 4 (group) by 4 (counting type) mixed ANOVA, with group as a between-subjects factor and type as a within-subjects factor, revealed significant group, F(3, 83) ϭ 2.82, p Ͻ .05, and group by type, F(9, 249) ϭ 3.73, p Ͻ .005, effects; the main effect for type was not significant, F(3, 249) ϭ 1.36, p Ͼ .25. Follow-up ANOVAs for each counting type revealed significant group differences for pseudo, F(3, 83) ϭ 3.68, p Ͻ .02, and error, F(3, 83) ϭ 4.10, p Ͻ .01, trials and nonsignificant group differences for correct and right-left trials (both Fs Ͻ 1).
Based on the pattern of pseudo trial means, the performance of the MD/RD group was contrasted with that of the three remaining groups. The results confirmed that the mean performance of the MD/RD group was significantly lower than that of these three groups, F(1, 85) ϭ 10.53, p Ͻ .002. For error trials, a contrast-again based on the pattern of means-revealed that the mean per- formance of the MD group was significantly lower than the mean performance of the three remaining groups, F(1, 85) ϭ 10.77, p Ͻ .002, but a contrast of the performance of the MD/RD group with the performance of the RD and normal groups was not significant, F(1, 70) ϭ 2.86, p Ͼ .05. Examination of individual items revealed that 18 of the 25 MD/RD children indicated that pseudo counting was "not OK and wrong" on three (n ϭ 3) or four (n ϭ 15) of these trials. In fact, only 5 MD/RD children indicated that pseudo counting was "OK and right" on all four trials. Examination of the MD children's performance on the error counting trials revealed a bimodal distribution. Seven of these children missed all three items, while the 8 remaining children were correct on all three items.
Strategy Assessment
Children in all of the groups used the same types of strategies to solve the simple addition problems, as shown in Table 3 . In fact, the only significant group difference in the strategy mix emerged for the frequency of retrieval, F(3, 84) ϭ 3.87, p Ͻ .02. A follow-up contrast, based on the pattern of group means, indicated that the MD/RD and MD groups showed significantly more retrieval trials than did the RD and normal groups, F(1, 86) ϭ 9.64, p Ͻ .01, although the high frequency of errors in the two latter groups suggests that many of these children were guessing.
Analyses of error frequencies revealed close to significant group differences for counting fingers, F(3, 70) ϭ 2.40, p ϭ .075, and retrieval, F(3, 35) ϭ 2.60, p ϭ .068. For both strategies, the MD/RD and MD children committed more errors than did the RD and normal children, although comparisons of group means (HSD) revealed that these differences were significant only in comparing the MD/RD group with the RD and normal groups ( p Ͻ .05). Across the finger counting and verbal counting strategies, the MD/RD and MD children committed more errors than did their peers in the RD and normal groups. A contrast, based on the pattern of means, of the two former groups with the two latter groups confirmed this difference, F(1, 80) ϭ 8.01, p Ͻ .01. Finally, there were not enough correct trials, across groups, to conduct a meaningful analysis of the RTs, except for finger counting. Here, the group differences were not significant, F(3, 50) ϭ 2.24, p ϭ .10.
Digit Span
Mean scores on the forward measure (ranging between 4.2 and 4.8) did not differ significantly across groups, F(3, 85) ϭ 1.39, p Ͼ .25. As noted earlier, performance on the backward measure is theoretically more interesting, as this task involves working memory manipulations that appear to be difficult for MD children, and indeed mean scores varied significantly on this measure, F(3, 85) ϭ 3.16, p Ͻ .005. Follow-up comparisons (HSD) revealed that the mean backward digit span score of the MD/RD group (M ϭ 1.8, SD ϭ 1.1) was significantly Trials on which the child reported a mixed approach to problem solving are excluded. As an example, the child might have begun a counting procedure but then retrieved an answer; 7% of the MD/RD children's strategies were classified as mixed, as were 3% of the normal children's strategies.
b RT ϭ reaction time. For the counting fingers and verbal counting strategies, RT estimates were based on sum trials. For all strategies, error and spoiled-trial RTs were excluded; spoiled trials occurred when the child's spoken answer did not trigger the timing mechanism or when the mechanism was triggered before the answer was spoken (e.g., with a cough). A dash indicates that there were either no trials or not enough correct trials to calculate a meaningful estimate.
lower than the means of the RD (M ϭ 2.6, SD ϭ 1.2) and normal (M ϭ 3.0, SD ϭ 0.5) groups ( ps Ͻ .05); the mean for the MD group was 2.4 (SD ϭ 0.9). Examination of individual scores revealed that 18 of the 25 MD/RD children had backward digit spans of 0 (n ϭ 6) or 2 (n ϭ 12, the lowest possible nonzero score). Finally, based on the hypothesis that failure to detect double-counting errors reflects a working memory deficit , the MD group was bisected into two subgroups. The first included children who missed all three double-counting error trials (n ϭ 7) and the second included those children who correctly identified all three double-counting error trials as incorrect (n ϭ 8). There were no group differences on forward digit span (M ϭ 4.3, SD ϭ 1.0 for both groups) but, consistent with the hypothesis, the former group showed significantly lower backward digit span scores (M ϭ 1.9, SD ϭ 0.9) than did the latter group (M ϭ 2.9, SD ϭ 0.6), F(1, 13) ϭ 6.50, p Ͻ .05. In fact, six of the seven children in the former group had backward digit spans of 0 or 2, while six of the eight children in the latter group had digit spans of 3 or 4, 2 ϭ 5.53, p Ͻ .05 (Fisher's Exact Test).
Articulation Speed
Mean articulation speeds across group and word type are shown in Table 4 and were analyzed by means of a 4 (group) by 3 (word type) mixed ANOVA. The ANOVA yielded nonsignificant main effects for group, F(3, 78) ϭ 1.40, and type, F(2, 156) ϭ 1.42, as well as a nonsignificant interaction, F(6, 156) ϭ 1.49. To increase the sensitivity of the analysis, and based on the earlier noted finding that poor reading achievement is often associated with slow articulation speeds (Denckla & Rudel, 1976; Fawcett & Nicolson, 1994) , the two groups with low reading achievement scores (i.e., the MD/RD and RD groups) were collapsed and contrasted with the two groups with average reading achievement scores (i.e., the MD and normal groups). The resulting 2 (group) by 3 (word type) mixed ANOVA yielded a significant group effect, F(1, 80) ϭ 4.10, p Ͻ .05, but nonsignificant type, F(2, 160) Ͻ 1, and interaction, F(2, 160) Ͻ 1, effects. These results indicate that children with low reading achievement scores have slower articulation speeds than do children with average or better reading achievement scores but the hypothesized group by word type interaction-that is, significant group differences for familiar words and no group differences for nonwordswas not found. For the final analysis, all participants were classified as fast or slow processors, depending on whether their mean articulation speed was faster than the overall mean or slower than the overall mean, respectively. For number articulation speed, 58% of the children in the low reading achievement group were classified as slow processors, as compared to 35% of the children in the average reading achievement group, 2 (1) ϭ 4.63, p Ͻ .05. The same pattern was found for word articulation speed, with 50% of the children in the low reading achievement group, but only 23% of the children in the average reading achievement group, being classified as slow processors, 2 (1) ϭ 7.01, p Ͻ .01. However, no group difference was found for nonword articulation speed, 2 (1) Ͻ 1, p Ͼ .25; 44% and 36% of the children in the low and average reading achievement groups, respectively, were classified as slow processors. These analyses, unlike those reported above, indicate that a significant number, but not all, of the children with low reading achievement scores show the hypothesized pattern of slow articulation of familiar words but average or fast articulation of nonwords.
Experimental Measures and Academic Achievement
The relations between performance on the experimental measures and performance on the mathematics and reading achievement tests are explored in the two respective sections below. The goal was to determine the extent to which performance on the experimental measures was associated with group differences in mean achievement scores, above and beyond the influence of IQ.
Mathematics achievement. For these analyses, the two groups with low mathematics achievement scores, that is, the MD/RD and MD groups, were collapsed and compared to the two groups with average mathematics achievement scores, that is, the RD and normal groups.
In the first step, the mathematics achievement score was regressed on IQ. The results showed that IQ accounted for (i.e., r 2 ) 23.7% of the variance in mathematics achievement, F(1, 78) ϭ 24.27, p Ͻ .0001. Next, all of the experimental variables that showed differences comparing the MD/RD or MD groups to the RD or normal groups were entered as a set, following IQ, into the regression equation. These variables included number naming, magnitude comparison with visual and auditory presentation, pseudo and error counting, the proportion of counting errors (summed across finger counting and verbal counting) and the frequency of retrieval errors on the strategy assessment task, backward digit span, and articulation speed; articulation speed was the sum of Z scores for the number and word articulation speed measures.
As a set, these variables accounted for an additional 21.3% of the variance in mathematics achievement, R 2 ϭ 45.0, F(10, 69) ϭ 5.65, p Ͻ .0001; when IQ was dropped, the set of variables accounted for 41.2% of the variance in mathematics achievement ( p Ͻ .0001). An incremental F test confirmed that the increased variance accounted for by the set of experimental variables was significant, F(9, 69) ϭ 2.97, p Ͻ .01 (Pedhazur, 1982) , although none of the individual variables were significant ( ps Ͼ .10). In the final step, group (MD/RD ϩ MD vs RD ϩ normal) was entered into the regression equation-following IQ and the set of experimental variables-and also accounted for an additional 21.3% of the variance in mathematics achievement, R 2 ϭ .663, F(11, 68) ϭ 12.16, p Ͻ .0001. An incremental F test confirmed that the increased variance accounted for by the group variable was significant, F(1, 68) ϭ 42.98, p Ͻ .001. The same procedure was used to assess the relation between performance on the above-noted set of experimental measures and reading achievement (i.e., Word Attack) scores. The first equation revealed that IQ accounted for 9.3% of the variance in reading achievement, F(1, 78) ϭ 8.04, p Ͻ .01. The inclusion of the experimental measures, along with IQ, accounted for 24.6% of the variance in reading achievement, but an incremental F test indicated that this change in variance was not significant, F(9, 69) ϭ 1.56, p Ͼ .10.
The overall pattern indicates that performance on the set of experimental measures is related to individual differences in mathematics, but not reading, achievement, above and beyond the influence of IQ. At the same time, the results indicate that these variables do not entirely explain the group differences in mathematics achievement. To assess the degree to which performance on the experimental variables was related to group differences in mathematics achievement, sums of squares (SSs) from two regression equations were compared: (a) the unique SS for group when mathematics achievement scores were regressed on group and IQ and (b) the unique SS for group when mathematics achievement scores were regressed on group, IQ, and the experimental variables. The first SS represents the relation between group and achievement after controlling for IQ, and the second represents the same relation after controlling for IQ and the experimental variables. A comparison of these two SS values indicated that the set of experimental measures accounted for 46% of the group differences in mathematics achievement above and beyond the influence of IQ. In other words, roughly one half of the group differences in mathematics achievement was captured by performance on the experimental variables.
Reading achievement. For these analyses, the two groups with low reading achievement scores, that is, the MD/RD and RD groups, were collapsed and compared to the two groups with average reading achievement scores, that is, the MD and normal groups. Based on the relation between articulation speed and reading achievement, the focus was on the word (i.e., the sum of Z scores for number and word articulation speed) and nonword articulation speed variables (Denckla & Rudel, 1976; Fawcett & Nicolson, 1994 (Denckla & Rudel, 1976; Fawcett & Nicolson, 1994 Using the same procedure as was described for mathematics, it was determined that performance on the articulation speed variable accounted for 9.7% of the group differences in reading achievement, above and beyond the influence of IQ.
DISCUSSION
The study provided a theory-driven assessment of the number, counting, and arithmetic skills, and of some of the supporting cognitive systems, of children at risk for MD. Follow-up assessments in later grades will determine which of these children are in fact learning disabled and whether performance on any of the experimental measures used in this study is predictive of MD. For now, the study provides insights into the cognitive correlates of low mathematics achievement, and to a lesser extent of low reading achievement. The remainder of the discussion focuses on these correlates as they are potentially related to MD, RD, and their comorbidity.
Number Production and Comprehension
Small but systematic group differences were found on several number production and comprehension tasks, specifically number naming, number writing with auditory presentation, and magnitude comparison with visual presentation. In all cases, the MD/RD children scored significantly lower, as a group, than did the children in one or more of the other groups. The group difference in number naming emerged because about half of the MD/RD children could not name the number 12, the largest number they were asked to name (the others were 3, 5, and 8). At the same time, nine of these children could not write the number 13 when it was presented to them by dictation. For the magnitude comparison task, about a third of these children were unable to state which of two visually presented Arabic digits represented the larger value, when the digits were consecutive numbers (i.e., 2-3, 8 -9). However, most of these children were able to determine the larger of two auditorily presented consecutive numbers, suggesting that the result for visual presentation was not due to a failure to understand the magnitudes associated with small numbers.
Rather, the results for all of these tasks suggest that many of the MD/RD children were unfamiliar with Arabic representations: They did not know all of the corresponding number words and did not readily access the associated magnitudes, although they appear to access these magnitudes with the auditory presentation of numbers. Overall, it is likely that the pattern found for the children in this study is the result of a lack of exposure to Arabic representations of numbers, although it is not known whether performance on these measures will be predictive of later mathematics achievement scores or MD.
Counting Knowledge
The results for the counting knowledge task replicated and extended the findings of . Performance on the pseudo error and doublecounting error tasks, in particular, reliably discriminated children with low achievement in mathematics from children with average or better mathematics achievement scores, differences that could not be attributed to IQ. A unique finding was that the performance of the MD/RD and the MD children differed across these tasks (most of the LD children in the Geary et al. study would have been classified as MD/RD). Most of the MD/RD children performed poorly on the pseudo error task, while the MD children, as a group, performed better on this task than did the children in any of the other groups. Thus, one factor that appears to distinguish MD/RD and MD children is their counting knowledge, with the former group apparently understanding counting as a rote, mechanical activity and the latter showing age-appropriate counting knowledge (Briars & Siegler, 1984) .
For double-counting error trials, the average performance of the MD children was, however, lower than that of the children in the three other groups. About half of the MD children missed all three double-counting trials and these children showed significantly lower backward digit spans than did the MD children who correctly identified all three double-counting errors as incorrect. The pattern suggests that many MD children have a specific deficit in the ability to manipulate information in working memory while engaged in numerical activities (monitoring counting in this study), in keeping with the results of Hitch and McAuley (1991) and Siegel and Ryan (1989) . However, the MD/RD children also showed, on average, low backward digit spans but performed relatively better than the MD children on the double-counting items. Although it is by no means certain, this pattern suggests that different mechanisms might be involved in the apparent working memory deficits of MD/RD and MD children. One possibility is that some MD children might have specific difficulties with the central executive component of working memory-such as control of attentional resources-whereas MD/RD children might have specific deficits in the phonological loop component of working memory (Baddeley & Hitch, 1974; Bull et al., 1999) .
Either way, the pattern is consistent with earlier neuropsychological studies and more recent cognitive studies indicating differences in the skills and deficits of children with low achievement in arithmetic and average reading achievement as compared to children with low achievement in both subjects (Jordan & Montani, 1997; Rourke & Finlayson, 1978) . In these previous studies, children with low arithmetic but average reading achievement showed poor performance on measures of spatial abilities and on timed, but not untimed, arithmetic tests. Children with low achievement in both reading and arithmetic, in contrast, showed poor performance on measures of verbal abilities and on both timed and untimed arithmetic tests. The current study also indicates some differences between MD/RD and MD children and extends this pattern to counting knowledge and counting skills.
Arithmetic
The MD/RD and MD children, as groups, committed more memory-retrieval errors and more counting procedure errors than did the RD and academically normal children, in keeping with previous studies of low-achieving children of this age (Garnett & Fleischner, 1983; Geary, 1990; . Although the MD/RD children committed more procedural errors and more memoryretrieval errors and showed less min counting than did their MD peers, as was found by Jordan and Montani (1997) , none of these differences were statistically significant. Thus, unlike performance on the counting knowledge task, performance on the strategy assessment task, as it was administered in this study, does not appear to provide a means to discriminate MD/RD children from MD children, as children in both groups show poor basic addition skills. Jordan and Montani, however, found that MD children outperformed MD/RD children on untimed arithmetic tests, because they were more skilled at executing counting procedures, but not on timed arithmetic tests, where performance was more strongly influenced by retrieval accuracy. Jordan and Montani's findings suggest that arithmetic tasks that emphasize speed of problem solving (i.e., time tasks) might be useful in discriminating MD/RD from MD children.
On the basis of the prediction that MD is related to difficulties in accessing arithmetic facts from long-term memory and that this memory-based deficit underlies the comorbidity of MD and RD, the MD/RD children and the RD children would be expected to show a high frequency of retrieval errors and the MD children and academically normal children a low frequency of retrieval errors (Geary, 1993) . As noted above, the MD/RD and MD children showed a higher frequency of retrieval errors than did the RD and academically normal children. At first blush, this pattern would appear to be a failure to support the hypothesis. However, retrieval frequency and retrieval errors can result from variations in the confidence criterion, from retrieval difficulties (Siegler, 1988) , or from guessing. In fact, guessing might be one response to retrieval difficulties.
At this point, the source of the high frequency of the MD/RD and MD children's retrieval errors and of the RD children's low frequency of retrieval is not known, although these patterns likely reflect, to some degree, variations in the rigor of the confidence criterion (Siegler, 1988) . For the RD children, the low frequency of retrieval (8%) could reflect a rigorous confidence criterion and/or difficulties in accessing facts. For the MD/RD and MD children, the relatively high frequency of retrieval and the high rate of retrieval errors might reflect a lenient confidence criterion, that is, guessing. To distinguish this possibility from a retrieval deficit, more retrieval trials than were obtained in the current study are needed. Children with retrieval difficulties tend to show RT and error patterns on retrieval trials that differ from those of children with a low confidence criterion (Ashcraft et al., 1992; Geary, 1990) . To achieve the goal of gaining additional retrieval trials, a retrieval-only task has been added to the second-grade assessment and thus should provide the needed information. For now, all that can be concluded is that first-grade children with low achievement scores in mathematics-regardless of their reading achievement scores or IQ-commit many more procedural and memory-based errors than do their higher achieving peers.
Supporting Cognitive Competencies
Significant group differences emerged for backward digit span but not for forward digit span. The MD/RD children and a subgroup of MD children (those who performed poorly on the double-counting error task) showed significantly lower backward digit spans than did the other children. In fact, many of these children had very low backward digit spans (i.e., spans of 0 or 2). The pattern suggests that any working memory contributions to mathematics achievement and MD are more strongly related to the ability to retain information encoded into the phonological loop while attending to or manipulating other information than to the simple repetition of information encoded into the phonological loop. This interpretation is consistent with Hitch and McAuley's (1991) findings that average-IQ children with low arithmetic achievement scores have difficulties retaining information in working memory while engaging in a counting task. There are, however, a number of potential sources of this group difference, such as executive control of attentional resources or retrieving representations of to-be-remembered information following a working memory manipulation (Cowan et al., 1994; Swanson, 1993) . Future studies using more refined measures of working memory (e.g., Cowan et al., 1994) are needed to determine the exact nature of the working memory contributions to early mathematical achievement and to determine whether MD/RD and MD children show different types of working memory deficits.
Regardless of their mathematics achievement levels, children with poor reading achievement were slower at articulating numbers and words than were children with average reading achievement scores, as predicted (Fawcett & Nicolson, 1994) . The group difference in articulation speed was more pronounced with familiar words (i.e., words and numbers) than with unfamiliar nonwords. In theory, differences in the speed of articulating familiar words and nonwords reflect the facilitating effect of having familiar words represented in long-term memory (Gathercole & Adams, 1994) . These long-term memory representations facilitate the encoding of familiar words into the phonological loop and appear to speed their articulation. The finding that MD/RD and RD children were relatively slow at articulating familiar words is in keeping with the hypothesis that these children have difficulties accessing semantic information from long-term memory (Geary, 1993) , although it is not known whether slow articulation speeds will predict later arithmetic-fact-retrieval problems.
GENERAL CONCLUSION
Children with different patterns of academic achievement in reading and mathematics show different patterns of performance on cognitive measures of number production and comprehension skills, counting knowledge, arithmetical competencies, working memory, and articulation speed. In fact, the analysis of the relation between group differences on the achievement measures and performance on the cognitive measures indicated that about half of the group differences in mathematics achievement could be accounted for by individual differences in these basic number, counting, and arithmetic skills, and in some of the supporting cognitive competencies (e.g., working memory), above and beyond the influence of IQ. However, the finding that none of the individual variables were significantly related to mathematics achievement, when the set was simultaneously used to predict achievement, suggests that different children show different patterns of numerical and arithmetical deficit. Nonetheless, the approach used in this study holds promise for the identification of the cognitive factors contributing to low achievement in mathematics in general and to MD in particular.
